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undertaken £2 assure that uo significamt interrelationships
among subordinate activities have been overlcoked.

3. A caontrol system shouid be developed to provide feedback informatiom
to management on the completion of subordiaate activities as well

iE

as probliems which may adversely impact the cverall schedule.

possible such problem letection and identification should take place
as quickly as possible so that corrective actiom wmay be taken io

L
avert z scheduie slippage.”

Jajox Phasing of the Apolic Program

An example of phase definitiop in project mavagement can be found

in the broad definitions of program phasing developed for the Apello

Prcgram?z The seven major phases are as follows:

a. ‘Development of the Uprated Saturn 1 launch vehicle and the
Apello Spacecraft command and service modules (CSi).

b. Uomanned flights for development of the Saturn V launch vehicle and
verification of the adequacy of the command module during return
through the earth's atmosphere at the speed of return from the woon.

¢. Development of the lunar module (IM), through ummanned flights in
earth orbit, boosted by the Uprated Saturn I launch vehicle.

d. Manned earth~erbital flights of the Apollo spacecraft CSli in earth

orbit. boosted by the Uprated Saturn I launch vehicle, to verify

crew operations for mission durations up to ten days.

lDavid L. Cleland and William R. King, Systems Analysis and Project

ianagement , New York: HMceGraw~Hill Book Company, 1968, Chapter 12,
Project Planning and Contrel, pp. 264-288.

JENASA+«Apcﬂ;lo Program Management, Washington. D. C.: NASA Apolle
Porgram Office, Vol. 1, December, 1967, pp. 1-5.




e. Manned earth-~orbital flights of the Apollo spacecraft CSM, boosted
by the Saturn V, to verify the functional capability and operability
of all elements of the spacecraft system.

f. Lunar mission development, through simulatiomns of the total mission
in earth orbit along the actual time line of a lunar mission. These
missions employ the fully configured Apollo-Saturn V flight
hardware.

g. Lunar missions, including lunar exploration and safe returan to
earth."

These phases have been accomplished and the overall project schedule
has been maintained despite problems encountered in the three primary
components of the mission; the LM, CSM, and Saturn V launch vehicle.

Major schedule mcdifications resulted from the AS-204 spacecraft fire, the
pego effect encountered in the Saturn V launch vehicle, and difficulties
with the lunar module.

Decisiocns made at NASA Headquarters, field centers, and contractor
companies covercame these slippages through intensive efforts to solve the
problems. These decisions, of course, resulted in new schedules which
reflected the changed conditions, This form of adaptive scheduling is
another difference between project management scheduling and scheduling

in traditional organizations where schedules are less frequently modiffied.

Translation of Major Phases into Mission Lavnch Dateg

After the major phasing has been accomplished, the next task is to
translate these objectives into specific mission objectives. That is,

each flight is planned to yield specific research results and the scheduling




function at the phase level (calibrated in years) is reduced to mission
schedules (calibrated in months). An example of this level of scheduling
is depicted in Figure 1, the Apollo Launch Readiness Working Schedule.
This schedule reveals the projected timing of several missions

utilizing the Saturn 1-B and the Saturn V. The pariicular schedule in
Figere 1 is dated November 20, 1968, It indicates the launch dates of
the last twe Saturn 1=-B launches (AS 204 and AS 205) which verified the
operation cof the CSM ir earth orbit, Alsc scheduled are the follawing
missicns:

AS 501 the first launch of ihe Suaturn V launch vehicle

AS 502 an vrmanred lkunch of the Saturn V

AS 503 the mapned lavnch of a Saturn V inveliving circumlunar navigation

and tesiing of the CSM in the lunar envivenment (Apello 8).
" AS 504 the manned lounch of a Saturn V to test the CSM and particularly

ndicated that the IM and

]
e

the IM ip earth orbit, This missio
CSM could separste, the IM could be {lown successfully as a
space vehicle, and counld separate its zscent and descent stages,

and deck with the CSM (Apoclilo 9).
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AS 505 the wanned launch of a Saturn V to test the M and IM in the
lunar envirocnment. This mission duplicated moany of the tests

in Apolle 9 wich respect to the CSM/IM operacions but these
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manned leunch of a Saturm V to achieve the major cobjective
of the Apollo program, a lumar landing follocwed by the safe

~

return of the astronauves o Earth. (Apcllo 11)




AS 507815 vepresent scheduled missions rbrough 1353, 1970, end 1973,
The launchse are scheduled on two month centers which may
involve alternating on lavnch pads A and B. Before this
segment of the schedule can be activated, houever, the cycle
of project phasing must be re-imitiated to develep specific
miseicn cbjectives beyond the lunsr landing, AS 506 {Apoilc
11), These wmoy fovolve edditiomal limer landings or programs
asscciated wish Apollo Appiicctions which represents a prograst

follewing tha complesicn of the Apcilo program.
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Develepment of Launch Schedules

Although major pregram phasing is required in project menagement,
the feedback cn accomplishrenin of each phase is insufficient for timely
managerent ccatrol. To achieve this conirel, schedules must be estab-
ilished for subcrdinate aciivities,

In NASA thesc subordinate activities are time phased in the schedules
for particuvlar flighzs of missions, These missicons, in turn, are designed
to support the accomplishment eof major pregram phases. Each mission is
composed of contrelled and supporiting milesiteones defined as follcws:3

"Contrellied milcetenes are those milestones which ave of major
significence to a program. Changes in scheduled ccapletion dates of
contrelied milestones must be approved by cognizant Office of Manned
Space Flight Program Directors.”

"Supperiing milostores ave milesteoes wiich cen be reschedutfed ai
the discreticn of the individual having schedule responeibiiity N
approval of such rvescheduling acticns will be recuired from ceognizant
Office of Marned Space Flight Program Direciors.”

~ - - .,

An examination of a cypical missicn schelule revoals the level ¢f

(.)

y such mi lestones., Over a time scale, bar charts
eplci the scheduled time alicwed for several key
activitics, Ameng these are the follewipg:
1. Fackteory checlicui of the CSM, delivery to Keonedy Space Cernier (KSC),
and mechenical waiing to the launch webicle in the Vehicle Assembly

Buildirsy (VAD).

- Do Cu: NASA
15,

ixull, Coereboer,
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2. Factory checkoutr of the IM, delivery to KSC, and mating in the VAB,
3. Delivery of the three stages of the launch vehicle (8-IC, S-II, and

S-~-1VB) as well as the iosirwsent wmit (IU) to KSC, svacking of the

Saturn V in the VAB and maring with che IM and CSM,
&, Aciivities vegquived in fhe VAR o stack the havdwere and check it out,

5. Ground tests, docking fests, end other critical {est procedures,
6. Delivery, checkout, and final preparaiion eof ccmputer pg Ogiams

internal ©o fhe 1M and €S (konocun as flig

7. Faciliry prepavation wul - may iuvelvo
(M8S), Jauved mrbilical toyer (LUT), sexvias avms, safery devices,
ete.,

8. Lawunch ped prepavaition end checkout,

e

9. Develepment of mission coperetions for lavach comivol.

n.h

10, Trensrfer of the stacked vehicle to the pad, fival chechkout, and

iaunch,
At this level cf detail, the cooréinaticn of sequanced aciivities
1

is highlighted. A delsy in eny of these related streams of events can

cdelay the enbire mission if i{ camnot be eprrected. An this stoge, scheduw

ling becomes criid the lavncl wust take place at a paviicular
time cf the wmenth o hit the lunar windcw., If the scheduie slips. about

o2 veath will pass before the nexe lunar windeow opes

The inpervelaticnshins of sctivities is iandicated in Figure 2

which vepreserts a schedule for missien develacment . An gctual schedule

.

is not prokraved dus to the restricted nai

e of the informeation,

for parficular

A p(‘} 1 o PY'COT'am
ts'™ NASA Head--
(3' stricted

ng GufdeffﬂOD apd
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From Figure 2 it can be seen that the €SM, IM, S-IC, S-IT, S~IVB,
and IU must be checked out at the factories, delivered to KSC, and checked
cut: at the Cape to assure that they will all be ready for stacking at
the proper time in the VAB. The stack sequence is as feliows: 8-IC,
S~11, S~IVB, IU, IM, CSM, and lawnch escape system. This sequence is
illustrated in Figuve 3, ar exploded diagram of both the Uprated Saturn
1 and Saturn V space vehicles,

A delay in the acquisition end checkou: of zny of these components
can delay the cricical interface of mechanical mating in the VAR as
depicted in Figure 2; An example of this cccurred in ihe Apellé 8 missicn
which was redefined to exclude e test of the Ilunar medule due to preblems
in that comptnent at that peint in time,

Te meet the requirewenis of the program phase regarding ilunar missien
developmernt in earth cxbii, a IMwas flown ca the Apolioc 9 missicn to
test IM/CSM separation and docking as well as the c¢peraticn of the L
in space. This exzample of a missica redefinition is cne indicatica of
how NASA successfully accomplished a major phase within the overall

schedule vhile dramscically altering the mission schedule to include a

2]

civeunlunar mission (Apollio 8) in place ¢f the ezveh ovrbif test of the

Ccsi/IM,
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Such work arcunds are commen in project mapagement especially in
complex tasks operating at the fringe of the state of the art. The
Apolle program represeants such an envireomeni., The mansgewment experience
in NASA with respect o these ceonditions leads to twe ceaclusiens con-
cerning scheduling. First, in project management, scheduling must be
developed as a flexible and dynamic management system subject to signif-
icant change as problems arise, This is in contvast to the relatively
fixed schedules found in industry. Seccud, the scheduling system must
be designed to¢ guarantee that cyitical interrelationships emong active
ities are exzplored fully, 1In industry many examples can be found of
schedules which relate to single lines of sequeniial events such as
assembly line scheduling in manufaciuring pl Qntsns In NASA project manage-
ment, however, the large vuwber of interrelated activigies create an
envirenment in which a schedule slippage of ote comporent in one centractor's

organization can delay an entire missicn,

Major Preject Management Schedules

The development of launch schedules in a program as complex as
Apclloe requirec that schedule authoricy and responsibility be centiralized.
The activities of the three field centers, Manned Spacecraft Cenker (MSC),

Marshall Space Flight Center (MSFC), and Kenﬂedy Space Center (KSC), as

well as the activities of the prime ccntractors and subcontractors are

SFor examples of scheduling systems used in industry see: J.E,
Biegel, Producgion Contrel: A Quantitative Apprcach, Englewacd Cliffs,
J. J., Frentice-Hall, Inc., 1963, Ch. 2; R. #. Buck and W, K, Holstein,
Froduction Plauning and Conircl. Columbus, Ohio, uhag,,a B, Merrill Books,
Inc,., 1963. {h, 5; S, Eilon, klepents of ircducision Plapning and Conitrel,
New York, the Macmiilan Comp ny, 1862, Ch, 3; J, W, G‘vck;, Froduction and
Oreraticns Nahagcment‘ New York, Hur"DL t Brace and World, Inc., 1368,
Ch. 163 and R. J. Hopeman, Production: Concoepts Analysis. Conirol,
Columbus, Ohic, Charles E. Merrill Book Co., 1965, Chs. 11 end 12,




integrated at NASA headquarters, Any schelule changes which may effect
a scheduled launch dete must be epproved by the Associate Adminisirator
fcr Manred Space Flight at the Office of Manned Space Flight (OMST) 1eve1.6

Those schedule changes which may affect a conirolled milestcne7 nay
be appreved at the next lower level in the organization, i.e., the
Directer of the Apcllic Program at the Apollo Pregram Office (APQO) 1evel.8
Beyond the schedule changes which may impact launch dates cr controlled
milestcenes, schedule respensibiliiy and (be authceriiy to medify schedules
passes to the field center directors, These directors, in turn, normally
ascign schedule résponsibility and authority to progrem and preject
managers at the center level.

Schedules develeped and mansged at this level are associated with
major project activities and havdware. TFor example, at MSFC, project
schedules are develcped for major hardware items managed by project
managers including the S-1C, S-II, end S-IVB stages as well as the IU.

At MSC, similar project oriented schedules are managed by the project

managers vesponsible for the LM and CSM. In addigion to hardware,

schedules arve developed and wanaged for suppoert eciivities such as

Examples of such schedules appear in Figures &4 through 8.

Figures 4 and 5 are represcntations of mavevfzcturing and deliver
(=)

schedules for several CSM's and IM*s, They reveal ihe planned sequence

of structural assembly, sysiems inmsnaliation; stcrage, checkouz, and delivery

from the manvfacturer. Wheve applicable, cther zetiviiies may alzec be

6 . .
Frograw Scheduling avd Review Handbocok,

Tipia., p. L.

szﬁié'» p. 3.
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reflected including systems removal, modification of hardware, and
testing. Such schedules reflect those activities which end with delivery
to NASA., At this point they are integrated with the lauach schedules,
The end point on schedules such as those depicted in Figures 4 and 5 thus
become the starting points on launch schedules as depicted in Figure 2,

A particular field center also establishes project oriented schedules
for the variety of tests conducted on hardware and software, for example,
the itest sequence for a series of spacecraft.

Figures 6, 7, and 8 are representations of schedules for suppert
activities. Figure 6 deals with £light crews. Such schedules cover
a variety of important activities including crew assignment to a missiom,
preparaticn of flight plans, development of the missicn training program,
pre~flight training, etc. External interfaces are also indicated which
impact the activities of those responsible for crews and crew equipment.

The schedule in Figure 7 is a representation of suppoert activities
in the area of flight operations. Such scheéules cover the development of
trajectcries, missicn constraints, alternate migsicn plans, preparation
for recovery of the gpacecraft, and a variety of flight control activities
including missicn simulation,

Figure 8 is a representation of a medical research and cperaticns
schedule, It includes activities such as medical review and approval of
flight plans, preparation of medical mission rules, preparation of
medical requivements plans, and primary and backup crew examinations.

The schedulecs described above represent the level of detail waich is
reviewed at the field center and is submitted for purposes of schedule
integraticn at the AP0 and OMSF levels. MNuwerocus schedules exist at the

project level covering both hardvare and supporting activities. The



ccmmon reference point is the launch schedule for a particular mission

and therefore these mere detailed schedules reflect a strong mission
orientation., This is particularly evident in the support scheduling while
hardware managers must alsc plan far ahead to assure that hardware for
which they are responsible will be available for successive missions.

This planning may require a lead time of over two years from structural

assembly through checkout.
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Althcugh the schedules depicted in Figures 4-8 represent major
project management schedules and are used by project managers to plan
and control their prcjects, the actual operational management of hardware
end-items requires even more detailed schedules withiu coniractor’s
plants.

There are a large number of these comtractors scattered through-
out the United States as is depicted in Figure 9. One of the important
functions of the major project wanagement schedules is to coordinate
the numercus activities at these gecgraphically dispersed sites. The
schedules develcped by MSFC, MSC, and KSC represent plans snd control
systems to provide this coordinaticn at the prcject level, These schedules,
in turn, provide supperting information for decisicns concerning the
launch schedules. Ultimately the effective acccmplishment of the launch

schedules leads to accomplishment of the major phases of the Apolle program,
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Bardware End-Item Schedules

Within the prime contractor and subcontractor organizations,
shcedules must be developed for the planning and control of operaticas
which provide producis and/cw services for the Apollo program. While
schedules within NASA tend to be project and mission coriented, the schedules
in coentracter plants tend to be criented tcward hardware end-items. This
is a result of the NASA policy of letting contracts for cemponents rather
than for a total laurnch vehicle as has been dome in certain Department
of Defense centracts.

In additicn teo the IM preduced by Grummen and the CSM produced by
North Americen Rockwell, the Saturn V launch vehicle is preduced by
eight major contractors and hundreds of subcontractcrs. These major
contractors are dispersed gecgraphicelly as indicated in Figure 10,
In some cases a single contractcr has planis in widely separated iccations,

The contractors cn the Saturn V are as fellcws:

S~1C stage Boeing

S-II stage , Norih American Rockwell
$-IVB stage Douglas

Instrument Unit IBM

Geound Suppoeri Lquipment General Electric
Guidance ceomporents Bendix aad IBM

Ground computer RCA

F1l and J2 engines Rocketdyne




S WA

teen.

9£-00219 ONt Q-W¥-IP

R LAt

HIVI8 NOIONIINNH

T nw

S i H
Zv\U_«a.d‘(
g lh‘O/« o

Jﬂ_&ﬁ,xw«.wz?% g

:i ﬂ m._l a.Pp_uwu_z

|

wz._ug ;

oNIZ08

.4 | S

B LERE
IWUING

ITUASINAK

w4t

E ITIASINAH
i Ddsw

ﬁ

¥ \_

HNA INIWNYISNE

L.:S.._.::E_E ...:b.:n, .

_.1.1_1.1..-.1_:.x.-..\....ﬁ \n . /

JRU—
.1]10)(14).!1.!11 ———

VIINOW YINVS

m<JODOa

QAI-S

- = n>-ﬂ
“svionoda

-3
] AQLINDOY
fLNAS ol -Lmr%.e.

SANN NVA

“m_,D;ZOu
gNNoy2

_\ll.wg.L

T

T wovieavis !
b ws. !
NVOI¥IWNY -
HIYON |

R bt

f\\%\ | L\!\.« ,\
H\% \\W. \..

TTUAINMOQ

s
NYOI¥IAVY ]
_HIYON |

:ozxwwmﬂw.ﬁu : rz%%..,_%cv Mo ~<z<3w,“..z<m _ _l<z<w2 <2<m|u_ i oNIWYNIVS T
T Dnvang DRYOND o v t w.lf.f I | | Ne— AR A
X1ON39 wel L uzrarxuo« uﬁomxuo: I NYIMIWY | T gyi9n0a
HH | INAGLINOOY (4 IN. O¥ Jb: “HuioN i
| S . m”,,/., e e o
LS SR Oh.u< INOD SOFYW A NINLYS
4 .

NS

B




It is the recpcnsibility cf these major ceantracters to manage
their activities using schedules which support the major project manage-
ment schedules. At MSFC, for example, NASA proiect maragers in the Apcllo
program were organized into five key havdwars divisions which interfaced

with the prime contractcrs as follews:

S-1C Project Mapager to Bocing for S~1C stage
§$~I1 Project Manager £o NAR for S~IT stage
S-1IVB Project Manager to Douglas for S-~IVB stage
iU Project Manager to IBM for 1U

GSE Project Manager te GE for GSE

Each of thsse preject managers moniters the performance cof his
respective contractor and thrcough feedback from the contractor derermines
where problems have arisen or may arise., This informaticn way be important
cucugh tc effect a cenirelled milestone in which case a dacisicn rust
he made nct a2t the MSFC level bei at NASA headgquariers in OMSF,

The prcject manager wmay also medify the performavce of the contracter
if a decision at Headquarters effects his ccniracters In such a cese
he will mepiter the charges in schedule required of the contracher due
to the Headquarter's decision. As such the project manager stands at
a critical interface baiween the pregram mareger in HASA and the
conirac rers which are providing the bhardware,

At the contracior level, numsrcus hardware end-item schedules
are maintained. 1In crder to depict the nature of these detailed
schedules, an example is drawn from Rocketdyne, the producer of the engines

vused infhe Saturn V.,




V launch vehicle, the IM and CSM.

developed for each of these items,

chedules for the following:

1. Launch escape engine
2. Twelve 93 pound thro

3. 3,500 pcurd thrust

&, 8-IVB ullage: iwe
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ave ideatified including manifeld gesembly, volute assembly, roteor
assemitly, stator assembly, control valve assembly, ctc. Although
Figure 12 indicates the deitail of such a work breskdewn stvucture for
the J-2 engine2, a cleaver picture of the rzlaticoship of the parcs and
subassembly is indjcated inthe evploded drawing in Figuve 13,

The hardwere ead-item schedule for the J-2 engine and schedules
for all other major components in the Saturn V are developed to this
level of detail tc ensuie effective operaticnal plaoning and cootrel in
the production of the end items. A typical schedule for eagi;zes, ia this
case the F-1, is showm in Figure 14, The ber chart approach provides
visibility on the plan of production as well as providing a focus om

these artivities which need aztention in ferms of coordimation.

Sumwary
In this section we have rveviewed scheduling in the Apclier pregram.

Ry

It begine with the defipicicn of the broad statements of objectives which

o,

define the grals of the prograsm and fheir gaveral sequence with a specified
target date . l.e., completicen price to 1970, In Apcllo saver major phases
are defived,
» ”'

These phases with their breoed objectives ave then devel cped into
missions which have suhordinata cbjectives leadipng to the accemplishwent
of a2 major phase, An impovteat element of wission planning is the
develoment cf a lauach schedule for chese missicns which provides more

precise time targets for plamning and control,
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Within the launch schedules, detailed planning and ccntreol take place
at the prcject manager level to assure that the comtractors deliver the
pajor compcnents for a missicn op gime. The major project management
schedules developed for this purpese serve te coordinate the activities
of contractors, By ccmparing field center schedules, NASA Headquarters
car also monitcr missicn status and cocvdinate field center activities
tv assure that a lawnch date will be met cn schedule.

Within the contractor crganizaticns, schadules are developed which
provide informaticn to the ficld centevs for the major preject management
schedules, Toiernally the ceniractors aisc develep Gperating scheduvles
for plavning and centrel of productiom based ¢n assemblies; sub-

assemblies, and parts as defined in the viock breakdovm structure.



